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[57] - ABSTRACT

A mechanism for straightening bent terminals on an.
integrated circuit package comprises a base having a
pair of spaced apart arms pivotally coupled thereto.
Rollers attach to the arms to support and move a plate
when the arms are pivoted. The plate has a first set of
holes which are tapered to accept bent terminals and to
straighten them when they are forced into the taper. A
plurality of pins extend from the base between the arms
and stop parallel to the plate. The plate has a second set
of holes through which the pins move when the arms
are pivoted. A plurality of intermeshed gears couple to |
the base and the arms to pivot the arms in synchroniza-é-
tion and move the plate perpendicular to the pins which =
push the integrated circuit package stralght out of the
first set of holes.

12 Claims, 8 Drawing Figures '
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TERMINAL STRAIGHTENER FOR AN
INTEGRATED CIRCUIT PACKAGE

BACKGROUND OF THE INVENTION
ThlS invention relates tc mechanisms which aid in

inserting integrated circuit packages (IC packages) into
the holes of a printed circuit board; and more particu-

- larly, it relates to mechanisms for straightening the
terminals of pin grld array IC packages prior to their
insertion. - |

In the manufacture of mtegrated cn:cmts a semicon-
ductor wafer is. processed by various steps that have
been described in the art in order to produce a plurallty

‘of identical circuits on the wafer. After this processing
‘is complete, the circuits are cut from the wafer and are

individually mounted in respective IC packages that are

-generally made from plastic or ceramic.

One of the functions of an IC package is to provide a
means for coupling the integrated circuit to printed
wiring on a printed circuit board. To that end, each
package contains a plurality of input/output terminals.

 These terminals are connected by conductors within the
package to microscopic bonding pads on the integrated
circuit die. Since the terminals are much larger and

stronger than the bonding pads on the integrated circuit

die, they are more suitable than the bonding pads them-

selves for making connectlcns to the printed circuit

~ board.

Over the past several years, the trend in IC packaging
technology has been to increase the number of terminals

on an IC package. A few years ago, standard packages

contained just sixteen input/output terminals; whereas
today, the number of terminals may exceed one hun-

dred. Also, these terminals become bent and misaligned
due to handling. This presents the problem cf how to
insert such a large number of terminals mtc a prlnted

circuit board. |
Prior art packages having only sixteen terminals were

rectangular in shape, and eight terminals were located _-
on one side of the package while the remaining termi-

nals were located on the other side. Thus, all of the
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Accordingly, a primary object of the invention is to
provide a means for straightening all of the terminals of
a pin grid array IC package prior to their insertion into
a printed circuit board. |

BRIEF SUMMARY OF THE INVENTION®

In one embodiment of the invention, the above ob-
ject, and others, are by a mechanism which has a base
and a pair of spaced apart arms pivotally coupled
thereto. Rollers attach to the arms to support and move
a plate when the arms are pivoted. The plate has a first
set of holes which are tapered to accept bent terminals
and to straighten them when they are forced into the
taper. A plurality of pins extend from the base between
the arms and stop parallel to the plate. The plate has a
second set of holes through which the pins move when
the arms are pivoted. A plurality of intermeshed gears.
couple to the base and the arms to pivot the arms in
synchronlzatlcn and move the plate perpendicular to

the pins which push the integrated circuit package

| stralght out of - the first set of holes.
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terminals could be manipulated by one’s fingers as the

. terminals were being inserted into the holes of a printed
- circuit board. If some of the terminals did not align with
-their respective holes, one would merely push on them
with his fingers tc ahgn the ternunals during the Inser-

tion prccess -
However, when the number of termlnals on an IC

package gets substantially larger (i.e., exceeds fifty), it is
~ impractical to place half of the termlnals on one side of
“the package and half on the other because the length of

the package becomes too long. Instead, the terminals
are made to extend from the package in a grid-like ar-
ray. This is called a pin grid array package.

Insucha package the array is square-shaped, and it

~has at least two rows of terminals on each of the four
sides. Also, the terminals are generally quite close to-

gether (e.g., less than 0.125 inches). Thus, the outer row

-of terminals blocks access to all of the terminals on all of
“'the inner rows. This makes it 1mp0551b1e to manipulate
- the inner row terminals with one’s fingers, and difficult
~ at best to mampulate them with mechanical tools while

* the package is being inserted into the holes of a printed
~circuit board. Even if just a few of the terminals are

“slightly bent and misaligned with their respective holes,
| the Insertion prccess is a tedlcus time- ccnsummg job.

45
ferred embodiment of the invention will be described in
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- BRIEF DESCRIPTION OF THE DRAWINGS

Vartcus features and advantages of the invention are
described in the Detailed Description in ccnjunctlcnf

‘with the accompanying drawings wherein:

FIG.11satop v1ew of one preferred embcdlment of
the invention;

 FIG. 2 is a side view of the embodiment cf FIG 1
FI1G. 3 1S a rlght end view cf the embcdlment cf_ F IG

1.
FIG. 4is a top view of a plate that fits between rellers-

16a-164 in the embodiment of FIG. 1;

FIG. 5 is an enlarged cross- -sectional view taken_

_alcng lines 5—5 in FIG. 4;

FIG. 6 1s an enlarged cross- sectlcnal view taken |

alcng lines 6—6 in FIG. 4;

FIG. 7 1s a schematic diagram 111ustrat1ng the cpera- |
tion of the embodiments of FIGS. 1-6; and .
- FIG.81sa schematic'diagram-fnrther illustrating the
operation of the embodiment of FIGS. 1-6.

'DETAILED DESCRIPTION OF THE
INVENTION

With reference now to all of the figures,- one pre-'-_ |

detail. This embodiment includes a base 11 to which a
pair of spaced apart arms 12¢ and 124 are pivotally
attached. In the illustrated embodiment, a pair of shafts
13a and 135 pass through holes in base 11; and arms 12a
and 120 attach to shafts 13z and 135 respectwely

* Each shaft has a cylindrical shape except for its ends

“which are flattened. Arm 12a has a pair of rectangular
holes into which the flattened ends of shaft 13q fit.

Similarly, arm 1256 has a pair of rectangular holes into

which the flattened ends of shaft 135 fit. = |
Arms 12¢ and 12b are coupled together by fcur Spur |

gears 14a, 14b, 14¢, and 144, Gear 14 fits on shaft 13z

- between arm 124 and base 11; gear 144 fits onto shaft
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13b between arm 126 and base 11; and gears 14b and 14¢ .
screw into base 11 between gears 14¢ and 14d.

Each end of shaft 13q has a washer and a screw 15 -
which holds arm 12a and. gear 14a in place. Another

screw 15’ locks gear 14a to arm 12a so that they move
together. Additional screws 15 and 15’ are sumlarly'
disposed on shaft 135, arm 124, and gear 144 . |
~ Four roller bearings 164, 165, 16¢, and 16d screw into -
arm 12a and four other rcller bearmgs 16e, 16f 16g and -
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164 screw into arm 125. These roller bearings support a
flat rectangular plate 17. Bearings 16a, 16¢, 16¢, and 16g
lie in one plane, and plate 17 lies on them. Bearings 165,
16d, 16f, and 164 lie in another plane that is parailel to

and over plate 17.
In one version of the above embodiment, base 11 1s 3

inches long, 24 inches wide, and 1 inch high; arms 12a
and 125 are 12 inches high and 2 inches long; gears 14a

thru 144 are 1 inch in diameter; and plate 17 is 43 inches
long, 2% inches wide, and ; inch thick. All of these
components are made of metal (e.g., aluminum) except
for plate 17 which is made of plastic (e.g., nylon).

Plate 17 has three sets of holes 18, 19, and 20. All of
the holes 18 and all of the holes 19 are arranged in an
identical grid-like pattern. This pattern is nineteen holes
by nineteen holes on the outside, is six rows deep, and 1s
nine holes by nine holes on the inside. Various subsets of
these holes correspond to the terminal pattern on sev-
eral different packages.

Specific match-ups between the terminals of a pin
~grid array package and the holes 18 (or 19) are as fol-
lows. A seventy-three terminal package fits into the two
smallest inside rows. An eighty-nine terminal package
fits into the two inside rows after the smallest row. A
one hundred forty-four terminal package fits into the
three inside rows after the smallest row. And a two
hundred nine terminal package fits into the four middle
rows.

All of the holes 18 have a tapered upper portion and
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a cylindrical lower portion. Due to the tapering, the

terminals of an integrated circuit package can be placed
into the holes even when the terminals are bent. Then
the bent terminals can be straightened by pushing on the
 package to move the terminals along the taper and into
the cylindrical portion of the holes.

Preferably, the sidewalls of the taper make an angle
of less than 30° with the axis of the holes. Such a steep
taper reduces the frictional force that must be overcome
in order to push the IC package terminals into the holes,
and it reduces wear on the tips of the terminals. This in
turn enables an IC package with a large number of
terminals to be easily pushed by hand into the holes 18
without scraping any conductive coating (such as gold
plating) from the terminals.

All of the holes 19 are arranged in the same pattern as
the holes 18; and they are also tapered like the holes 18.
However, the holes 19 are smaller than the holes 18.
This enables the terminals of an IC package to be
 coarsely straightened via the holes 18 and then finely
straightened via the holes 19.

In one specific embodiment, holes 18 and 19 respec-
tively have a large diameter of 0.075 inches and 0.045
inches; and holes 18 and 19 respectively have a small
diameter of 0.035 inches and 0.025 inches. All of the
holes 18 and 19 are tapered to a depth of 0.075 inches;
and they are spaced on 0.100 inch centers.

All of the holes 20 in plate 17 are interspersed among
the holes 18 and 19. These holes 20 are cylindrical and
untapered; and a plurality of pins 21 extend from base 11
and fit into the holes. All of the ends of the pins 21 lie in
a plane that is parallel to plate 17.

To begin a terminal-staightening operation, arms 12a
and 12b are pivoted upward away from base 11 until a
position is reached where plate 17 wedges and jams
between the rollers on the top and bottom of the plate.
Such a jam occurs because the radii from the pivot to
the rollers on the top of plate 17 are offset by an angle
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of 15° with the radii to the rollers on the bottom of the
plate. -

This jam is designed to occur when the rollers on the
bottom of plate 17 are directly above the pivot point.
Thus, when the bent terminals of an IC package are
forced into the holes 18 by pushing on the top of the

package, the arms 12 and 126 do not move. This opera-
tion is complete when the package reaches the position

illustrated i FIG. 7.

Thereafter, to remove the IC package from the holes
18, the arms 12a and 12b are pivoted to move plate 17
towards base 11. This causes the pins 21 to move
through the holes 20 and push against the IC package.

Due to the operation of the gears 14q thru 144, plate
17 stays perpendicular to the pins 21 as it moves. That
is, whenever arm 12a is pivoted by a certain angle, the
gears pivot arm 125 by the same angle; and vice versa.

Thus, when the arms turn, the ends of all of the pins
21 push in parallel against the IC package and thereby
move the IC package terminals straight from the holes
18. This 1s illustrated in FIG. 8.

In an IC package, the circuit itself 1s in a cavity at the
center of the package which is covered by a lid. This
circuit and lid are not pushed on by the pins 21. Instead,
the pins 21 push on the package between the surround-
ing terminals so that little or no mechanical stress is
placed on the circuit.

Also, the arms 12a and 12b are L-shaped to provide a
lever by which the arms are turned about their pivot
point. Thus the IC package terminals are removed from
the holes 18 with a mechanical advantage.

By comparison, to remove the integrated circuit
package from plate 17 without bending the terminals by
simply grabbing the package by its sides and pulling 1s
extremely difficult. One reason is that the sides of the
package are quite thin and so a large pressure must be
exerted on the sides in order to sustain the required
removal force.

A removal force of about five pounds is required to
move an IC package from plate 17. But the height of an
IC package is only about one-eighth inch, and the width
of one’s fingers is only about one-half inch. So the pres-
sure that must be applied by one’s fingers 1s (5 1bs)

L X 3" X 2) or 40 psi. |

Further, all of the terminals of the IC package are not
all bent to the same degree. Thus, the removal force
must be exerted unevenly across the package. Also, the
distribution of the removal force across the package
will change completely from one package to another.

After the terminals of the IC package are removed
from the holes 18, they are inserted into the holes 19 to
straighten them to a finer degree. Then the bent termi-
nals of another IC package can be inserted into the holes
18 to coarsely straighten them. Thereafter the arms 124
and 126 are pivoted to remove both IC packages from
the holes 18 and 19. Then the package that was in the
holes 18 is inserted into the holes 19; another package is

- inserted into the holes 18; etc. These operations take
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only a few seconds and the terminals are straightened
evenly every time. |
A preferred embodiment of the invention has now

been described in detail. In addition, however, various

changes and modifications can be made to this embodi-
ment without departing from the nature and spirit of the
invention. Accordingly, it is to be understood that the
invention is not limited to this one embodiment but 1s
defined by the appended claims.

What is claimed is: |



S _
1 A mechanlsm for stralghtenlng bent termmals on
an IC package, comprising:
a base having a pair of Spac:ed apart arms pwotally
coupled thereto; -
said arms having rollers which support a plate and
move said plate when said arms are pivoted;
said plate having a first set of holes which are tapered

4 544 003
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. to accept said bent terminals and to stralghten them

~ when they are forced into the taper;

a plurality of pins between said arms that extend from
~ said base and stop in a plane parallel to said plate;
said plate having a second set of holes through which

said pins move when said arms are pivoted to push

~ on said IC package; and
“a plurality of intermeshed gears coupled to said base

~ and said arms that synchronize the pivotal move-

~ ment of said arms such that said package and plate

move perpendicular to said pins and said terminals.

 move straight out of said first set of holes.
2. A mechanism according to claim 1 wherein sald

first set of holes that have a wide taper to coarsely

straighten said terminals and said plate further includes
another set of holes that have a narrow taper to finely
stralghteu said terminals after they are coarsely stralght-
ened. |

3. A mechanism aceordlng to olalm 1 wherein said

rollers are spaced apart on each arm and said plate 1s
held between them. SR

4. A mechanism according to claim 1 wherein said
rollers are located on said arms both above and below
said plate, and are offset at an angle such that they jam

against said plate when said arms are pivoted to a posi- |

tion where the rollers on the bottom of said plate are
directly above the point about which the arms pivot.
5. A mechanism according to claim 1 wherein at least

10
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- one of said arms includes a lever for manually pivoting
said arms to push said terminals out of said first set of 40

holes with a mechanical advantage.
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6. A mechanism according to clalm 1 wherem the

number of holes in said first set is at least fifty.

7. A mechanism for stralghtenmg bent termmals on

“an IC package, comprlsmg

a base having a pair of spaced apart arms plvotally |

“coupled thereto and a plurality of pins between said
~ arms that extend from said base and stop in a plane;

said arms having rollers which support a plate and
move said plate parallel to said plane when sald |

arms are pivoted;

~ are forced into the taper;

said plate also having a set of holes with a narrow
taper to finely straighten said terminals after they
‘are coarsely straightened; |

said plate further having another set of holes through -

- said plate having a set of holes with a wide taper to
- coarsely straighten said bent termmals when they |

which said pins pass when said arms are pivoted to

push against said IC package and remove said ter-

minals from their holes; and a means coupled to

said base and said arms that pivot said arms in

~ synchronization and confine the motion of said
- plate to be perpendicular to said pins.

- 8. A mechanism according to claim 7 wherein said

means 1s a plurality of intermeshed gears.
9. A mechanism according to claim 8 wherein said

rollers are spaced apart on each arm and said plate is -

held between them.

10. A mechanism aeeordmg to claim 9 wherein said |

rollers are located on said arms both above and below
said plate, and are offset at an angle such that they jam

- against said plate when said arms are pivoted to a posi-
tion where the rollers on the bottom of said plate are

directly above the point about which the arms pivot.

11. A mechanism according to claim 10 wherein at
least one of said arms includes a lever for manually
pivoting said arms to push said terminals out of their
holes with a mechanical advantage |

12. A mechanism according to claim 11 wherein each

set of tapered holes includes at least fifty holes.
ok ok %k kK - |
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